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(54) Surface-mounted electronic parts positioning apparatus 



(57) A vertically movable and rotatable vacuum suc- 
tion pickup tube 4 holding an electronic part with its back 
side directed downward., a first and a second light sourc- 
es 12 and 13 selectively illuminating the top or bottom 
surface of the electronic part, a flat reflecting mirror 20 
adapted to reciprocate below the axis of the vacuum 
suction pickup tube 4, and a camera 15 disposed in a 
plane containing said flat reflecting mirror 20 and vacu- 
um suction pickup tube 4 and in a position where the 
image of the vacuum suction pickup tube 4 enters are 
mounted on a frame 9 moved by a drive unit. This ap- 
paratus permits directly positioning an electronic part 
picked up in a desired position on a printed circuit board, 
irrespective of the structure of the lead wires or terminals 
on the electronic part. 
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Description 

Background of the Invention 

Field of the Invention 

This invention relates to surface-mounted electron- 
ic parts positioning apparatus for mounting semiconduc- 
tor devices and electronic parts constituting electronic 
circuits to desired positions on printed circuit boards. 

Description of the Prior Art 

Japanese Provisional Patent Publication No. 
5-48299 of 1 984 discloses a process for soldering elec- 
tronic parts to printed circuit boards according to con- 
ductive circuit patterns. In this process, a vacuum nozzle 
sucks and grasps an electronic part. Then, the relative 
position of the electronic part thus grasped with respect 
to the nozzle is mechanically adjusted as determined 
previously. A conveying device carries the electronic 
part to a soldering point on a printed circuit board and 
accomplishes its positioning. 

U.S. Patents 5060288 and 4235407 disclose proc- 
esses that judge if correct positioning can be achieved 
or not by electronically photographing the condition of a 
printed circuit board just before an electronic part is 
roughly positioned according to a circuit pattern and 
then enlarging the photographed image of the board on 
a display. 

However these conventional processes necessi- 
tate that dedicated electronic parts whose wires and ter- 
minals are positioned to meet their mating components 
on the printed circuit boards or that their lead wires and 
terminals can be seen from above while they are being 
held in position by the suction nozzle. Thus, they cannot 
be used for electronic parts whose connection terminals 
are small solder balls or pins provided on the under side 
of printed circuit boards or packages. 

To solve these problems, some other types of posi- 
tioning apparatus have been proposed, too. One of 
them, for example, has a camera fixed in place with its 
lens directed upward to photograph the solder balls or 
pins on the under side of the electronic part held in po- 
sition by vacuum-suction pickup tube. By processing 
their image signals thus obtained, their relative position 
with respect to the vacuum-suction pickup tube is deter- 
mined. Then, each electronic part is positioned on the 
printed circuit board after correcting its position or taking 
into consideration its relative positional error with re- 
spect to the vacuum-suction pickup tube. 

This apparatus, however requires an additional 
step to move the pickup tube together with the electronic 
part picked up thereby to a position where the camera 
is disposed for obtaining image signals for subsequent 
positioning. The need to travel over a longer distance 
than in the processes in which the sucked electronic 
parts are carried directly to the desired positions on the 



printed circuit board decreases the number of parts 
mounted per unit time. 

By comparison, an apparatus according to this in- 
vention comprises a vertically movable and rotatable 

5 electronic part holder that grasps an electronic part with 
its back side directed downward, a light source selec- 
tively illuminating the top or bottom side of the electronic 
part, a flat reflecting mirror capable of reciprocating 
downwardly along the axis of said electronic part holder 

10 and a camera disposed in a plane containing said flat 
reflecting mirror and electronic part holder and in a po- 
sition where the image of the electronic part holder en- 
ters, which are all mounted on a frame moved by a drive 
unit. 

75 After the electronic part holder has picked up an 
electronic part, the frame is moved to a position where 
the electronic part Is to be mounted. Then, the flat re- 
flecting mirror is moved to below the electronic part and 
the camera takes a photograph of the top or bottom sur- 

20 face of the electronic part illuminated by the light source. 
When the image has been captured, the flat reflecting 
mirror is retracted to a position where it will not intertere 
with subsequent operations. By then determining the 
posture and position of the electronic part with reference 

25 to the central axis of the electronic part holder and al- 
lowing for the relative error with reference to the central 
point of the electronic part, the electronic part is posi- 
tioned on a circuit board. 

As such, the apparatus according to this invention 

30 permits determining the posture and position of the elec- 
tronic part picked up through an image-based measure- 
ment that is performed without departing from the 
course of travel from the point of pickup to the point of 
mounting on the circuit board. This brings about an im- 

35 provement in efficiency over the conventional process 
that necessitates moving the electronic part to a specific 
out-of-the-way point allocated for photographing. Fur- 
thermore, the apparatus according to this invention per- 
mits determining the posture and position of the elec- 

40 tronic part to be mounted at high speed through an im- 
age-based measurement by switching the light source 
according to the kind of electronic part to be mounted, 
irrespective of the shape thereof. 

In addition, the apparatus according to this inven- 

■^5 tion sends the image of an electronic part into the cam- 
era using only one piece of flat reflecting mirror This 
feature reduces the loss of the amount of light due to 
multiple reflection that occurs when prism or other light- 
guiding means is used and simplifies measurement and 

50 maintenance procedures. 

Thus, an object of this invention is to provide a sur- 
face-mounted electronic parts positioning apparatus 
with a capability to directly position electronic parts to 
desired points on a printed circuit board after they have 

55 been picked up irrespective of the structure of electronic 
parts, lead wires and terminals. 

Another object of this invention is to provide a sur- 
face-mounted electronic parts positioning apparatus 
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that maintains high levels of accuracy for a !ong period 
of time without requiring complex optical systems. 

Yet another object of this invention is to provide a 
surface-mounted electronic parts positioning apparatus 
with a capability to permit easy selection of optimum 
method for determining the relative position of an elec- 
tronic part with reference lo the vacuum suction pickup 
tube through image-based measurement. 

Brief Description of the Drawings 

Fig. 1 is a front view of a surface-mounting device 
equipped with electronic part positioning apparatus ac- 
cording to this invention. 

Fig. 2 is a front view of an electronic part positioning 
apparatus according to this invention. 

Fig. 3 is a perspective view showing the structure 
of a portion of the same electronic part positioning ap- 
paratus in the vicinity of the vacuum suction pickup tube. 

Figs. 4(a) is a cross-sectional view of a first light 
source in the same electronic part positioning appara- 
tus. 

Figs. 4(b) is a top view of a first light source in the 
same electronic part positioning apparatus. 

Figs. 5(a) is a cross-sectional view of a second light 
source in the same electronic part positioning appara- 
tus. 

Figs. 5(b) is a top view of a second light source in 
the same electronic part positioning apparatus. 

Figs. 6(1) is schematic view illustrating the operation 
of the same electronic part positioning apparatus. 

Fig. 6(11) is schematic view illustrating the operation 
of the same electronic part positioning apparatus. 

Fig. 6(11') is schematic view illustrating the operation 
of the same electronic part positioning apparatus. 

Figs.6(lll) is schematic view illustrating the opera- 
tion of the same electronic part positioning apparatus. 

Figs. 7(a) shows images of electronic parts illumi- 
nated by the first and second light sources and picked 
up by a camera. 

Figs. 7(b) shows images of electronic parts illumi- 
nated by the first and second light sources and picked 
up by a camera. 

Figs. 8(a) shows how the image-based measure- 
ment of an electronic part is performed on other embod- 
iments of this invention. 

Figs. 8(b) shows how the image-based measure- 
ment of an electronic part is performed on other embod- 
iments of this invention. 

Preferred Embodiments of the Invention 

Fig. 1 shows an electronic part positioning appara- 
tus equipped with electronic part positioning apparatus 
according to this invention. Multiple, such as three in this 
embodiment, electronic part positioning apparatus 1 ac- 
cording to this invention are mounted on a carrier 
traveling In the x and y directions over a circuit board 



table 3. An electronic part positioning apparatus picks 
up an electronic part from an electronic part storage ar- 
ea 2 and moves over the circuit board table 3 to a point 
where the electronic part is to be mounted while calcu- 
5 lating the posture and position of the electronic part 
picked up. 

Fig. 2 shows an embodiment of the surface-mount- 
ed electronic parts positioning apparatus described 
above. A vacuum suction pickup tube 4 has a connec- 

10 Won port 5 at the upper end thereof that is connected to 
a vacuum source. The vacuum suction pickup tube 4 is 
also moved up and down by a first drive unit 6 to which 
pneumatic pressure is supplied through air supply ports 
6a and 6b and rotatably supported on a frame 9 by 

IS means of a second drive unit 8 comprising a motor 
through a belt 7. 

A mirror 1 1 to reflect downward light from a first light 
source 12 described later is fixed to a point above an 
electronic part. A first and a second light sources 1 2 and 

20 1 3 are disposed in such a way as to surround the vac- 
uum suction pickup tube 4. A reflector 1 4 described later 
is disposed on one side of the vacuum suction pickup 
tube 4 and a camera 15 on the other side thereof 

The frame 9 for assembling the devices and units 

25 mentioned above has bearings 16 and 17 to engage 
with the shaft of the carrier cables to supply signals and 
electricity to the camera 15, light sources. 12 and 13, 
second drive unit 8, etc., and windows 1 8 through which 
tubes to supply a negative pressure to the vacuum suc- 

30 tion pickup tube 4 and air to the first drive unit 6. 

The reflector 1 4 comprises a flat reflecting mirror 20 
that is set at such an angle that the image of the pickup 
end 10 of the vacuum suction pickup tube 4 enters the 
camera 1 5 and fixed on an arm 21 . A guide member 22 

35 moves the arm 21 parallel to the reflecting surface of the 
mirror 20, whereas an actuator such as an air cylinder 
moves the arm 21 back and forth between a point below 
the pickup end 10 of the vacuum suction pickup tube 4 
and a point where the arm 21 offers no obstacle to the 

40 vertical motion of the vacuum suction pickup tube 4. The 
guide member 22 and arm 21 move along a surface that 
is parallel to the reflecting surface of the mirror 20. 

The first light source 11 comprises an annular mem- 
ber 31 of acrylic resin or other transparent material hav- 

45 ing a central window 30 through which the pickup end 
10 of the vacuum suction pickup tube 4 can move, with 
multiple holes provided along the circumference of the 
annular member 31 and small light-emitting devices 32, 
such as light-emitting diodes, mounted on a base plate 

so 23, as shown in Fig. 4. 

The second light source 11 comprises multiple 
small light-emitting devices 37, such as light-emitting di- 
odes, mounted on a base plate 36 that has a central 
window 35 through which the pickup end 10 of the vac- 

55 uum suction pickup tube 4 can move, as shown In Fig. 5. 
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[Positioning of Electronic Part Having Lead Wires 
around the Periphery of the Package] 

After turning on the first light source 12 and moving 
the positioning device to an area where an electronic 
part is stored by actuating the carrier the first drive unit 
6 is actuated to lower the vacuunn suction pickup tube 
4 to pick up the electronic part (Fig. 6(1)). After the elec- 
tronic part has been picked up, the vacuum suction pick- 
up tube 4 is raised to a predetermined point below the 
first light source 1 2, the actuator 23 is actuated to move 
forward the flat reflecting mirror 20 to below the vacuum 
suction pickup tube 4 while moving the frame 9 to a point 
where the electronic part is to be mounted by means of 
the carrier (Fig. 6(11)). 

Then, the silhouette of the electronic part P Illumi- 
nated from behind is reflected by the mirror 20 and en- 
ters the camera 20, as shown in Fig. 7(a). After the Im- 
age of the electronic part has been taken, the actuator 
23 is actuated to move the mirror 20 back to the original 
position where it offers no obstacle to the subsequent 
mounting of the electronic part by the vacuum suction 
pickup tube 4 (Fig. 6(111)). 

Moved by sliding the guide member 22 that is dis- 
posed so that the guide surface is parallel to the mirror 
20, with the angle of reflection thus always set at the 
originally set one, the mirror 20 can process the image 
of the electronic part P with high accuracy and reliability. 

Being a silhouette, the image detected by the cam- 
era 15 can be processed as a binary data. Because bi- 
nary data is small, the posture and position of the elec- 
tronic part with reference to the center axis of the vacu- 
um suction pickup tube 4 can be determined quickly. De- 
pending on the result thus obtained, the position of the 
electronic part is corrected as desired by rotating the 
vacuum suction pickup tube 4. Then, the electronic part 
is positioned on the circuit board by taking into account 
the relative error between the center axis of the vacuum 
suction pickup tube and the central point of the electron- 
ic part. 

[Positioning of Electronic Part Having a Connector on 
the Back Side of the Package] 

After turning on the second light source 1 3 and mov- 
ing the positioning device to an area where an electronic 
part is stored by actuating the carrier the first drive unit 
6 Is actuated to lower the vacuum suction pickup tube 
4 to pick up the electronic part (Fig. 6(1)). After the elec- 
tronic part has been picked up, the vacuum suction pick- 
up tube 4 is raised, by means of the first drive unit 6, to 
a predetermined point where the electronic part P' 
picked up by the pickup end 10 is positioned between a 
point above the second light source 13 and below the 
first light source 1 2, the actuator 23 is actuated to move 
forward the flat reflecting mirror 20 to below the vacuum 
suction pickup tube 4 while moving the frame 9 to a point 
where the electronic part is to be mounted by means of 



the carrier (Fig. 6(11')) . 

Then, the Image of the connector comprising pins 
and solder balls B on the back side of the electronic part 
P' is reflected y the mirror 20 and enters the camera 1 5, 

s as shown in Fig. 7(b)) . After the Image of the electronic 
part has been taken, the actuator 23 is actuated to move 
the mirror 20 back to the original position where It offers 
no obstacle to the subsequent mounting of the electron- 
ic part by the vacuum suction pickup tube 4 (Fig. 6(111)). 

?o Based on the image signal from the camera 1 5, the 
posture and position of the electronic part with reference 
to the center axis of the vacuum suction pickup tube 4. 
Depending on the result thus obtained, the position of 
the electronic part is corrected as desired by rotating the 

^5 vacuum suction pickup tube 4 by means of the second 
drive unit 8. Then, the electronic part is positioned on 
the circuit board by taking into account the relative error 
between the center axis of the vacuum suction pickup 
tube and the central point of the electronic part. 

20 In the embodiment described above, either of the 
silhouette or image of the electronic part is selected by 
switching the two light sources. Instead, an electronic 
part pickup 40 shaped like a top may be provided. The 
electronic part P that permits image processing based 

25 on its silhouette is illuminated by the light from a light 
source 41 that is reflected by the surface 40a of the pick- 
up 40. With the electronic part P' that requires the use 
of its image, rather than its silhouette, the pickup 40 is 
raised so that the light source 41 directly illuminates the 

20 electronic part P', as shown in Fig. 8(b). 



Claims 

35 1. A surface-mounted electronic parts positioning ap- 
paratus comprising. 

a vertically movable and rotatable electronic 
part holder holding an electronic part with the 
40 back side thereof directed downside: 

a light source selectively illuminating either of 
the top and bottom surfaces of said electronic 
part: 

a flat reflecting mirror adapted to reciprocate 
4S below the axis of said electronic part holder: 

a camera disposed in a plane containing said 
flat reflecting mirror and electronic part holder 
and in a position where the image of the elec- 
tronic part holder enters: and 
so a frame driven by a drive unit and carrying all 

of the foregoing components. 

2. A surface-mounted electronic parts positioning ap- 
paratus according to claim 1, in which the flat re- 
55 fleeting mirror is fastened to an arm guided by a 
guide member extending parallel to the reflecting 
surface of said flat reflecting mirror 
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A surface-mounted electronic parts positioning ap- 
paratus according to claim 1 , in which a reflecting 
member is provided in the vicinity of the electronic 
part pickup end of said electronic part holder. 

5 

A surface-mounted electronic parts positioning ap- 
paratus according to claim 1 , in which said electron- 
ic part holder comprises a vacuum suction pickup 
tube operating on a negative pressure supplied 
thereto. '^^ 

A surface-mounted electronic parts positioning ap- 
paratus according to claim 1, in which said light 
source comprises a first and a second light sources 
adapted to illuminated at different levels, having a '5 
window centered around the axis of said electronic 
part holder and having multiple light-emitting ele- 
ments disposed along the periphery of said window. 

A surface-mounted electronic parts positioning ap- 
paratus according to claim 1= in which said light 
source is adapted to illuminate an area diagonally 
above the center axis of said electronic part holder 
and said electronic part holder adjusts the level of 
said electronic part, whereby either the top or bot- 25 
tom side of said electronic part is selectively illumi- 
nated. 
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Fig. 3 
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Fig. 5a 
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Fig. 6 1 
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Fig. 7 a 
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(54) Surface-mounted electronic parts positioning apparatus 



(57) A vertically movable and rotatable vacuum suc- 
tion pickup tube 4 holding an electronic part with its back 
side directed downward, a first and a second light sourc- 
es 12 and 13 selectively illuminating the top or bottom 
surface of the electronic part, a flat reflecting mirror 20 
adapted to reciprocate below the axis of the vacuum 
suction pickup tube 4, and a camera 15 disposed in a 
plane containing said flat reflecting mirror 20 and vacu- 
um suction pickup tube 4 and in a position where the 
image of the vacuum suction pickup tube 4 enters are 
mounted on a frame 9 moved by a drive unit. This ap- 
paratus permits directly positioning an electronic part 
picked up in a desired position on a printed circuit board, 
irrespective of the structure of the lead wires or terminals 
on the electronic part. 
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